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Predictive Monitoring Toolbox

Objective of this toolbox

« Monitor the operation of industrial processes, and detect the occurrence of events
(e.g., faults, near faults, shutdown) based on process data

Key features of this toolbox

* Five causal analysis algorithms are provided to investigate the cause-effect relationships
among process variables

e Five unsupervised learning algorithms are provided to conduct predictive monitoring of
the process and to detect events taking place in processes

« Online monitoring feature is provided to simulate the online implementation of monitoring
schemes for industrial processes

« Hierarchical distributed monitoring is provided to account for larger processes of more
process variables



Overview of Predictive Monitoring Toolbox




Predictive Monitoring Toolbox

An overview of the toolbox
The toolbox was developed using Python
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python

Predictive Monitoring Toolbox
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Agarithm : SciPy ' matplotlib

s Python has open source license (free to use)
s Python possesses stable libraries
s Python is developer friendly software



Predictive Monitoring Toolbox

An overview of the toolbox
We create this guide to help you minimize the learning curve.

Defining events

Define events manually based on the

visualization of trajectories Offline and Online monitoring
Several algorithms are available for

t? Maonitoring Toolbox Versich 1.2 - a * offline/online monitoring of a process

Data management

|mp0rt datasets and process data ﬁ Data management Defining events Causalaaalysis Offline analysis Online time-domain analysis Create Groups Offline Analysis (Hierarchical)

r Dataset Available variables Working data: Selected variahles
necessary for analysis
Empty
() Tirme Trend () Histograr, Data visualization
Data Preprocess
Custemized Preprocess--2
9
Variables selected for
h X
further analysis
Data management
Import and delete data.
Import Data Delete Data Select variables from second list | Remove selected variables |
Select as additional variables | Load selected variables |
Save selected variables |
Causal anaIyS|S Select Variable and Plot Time Trend
To investigate cause and

effect relationship between
pair of variables




Predictive Monitoring Toolbox

An overview of the toolbox — Data management

Data Management

? Maonitoring Toolbox Version 1.2

Data management Defining events Causal analysis Offline analysis Online time-domain analysis Create Groups Offline Analysis (Hierarchical)

Data Visualization
) |
Data Preprocessing
Defining Events
Causal Analysis
Offline/Online Analysis

Dataset =l iabl
atase ? Import data _ 0 w variables
Import dataset name ESP_W03_scaled |
Source
Size
Datad xlsx 2373KB
ESP_W03_scaled.xlsx 15699KE
testData.xlsx TASKEB
Import Cancel
Import Data Delete Data | Select variables from second list Remuove selected variables
Select as additional variahles Load selected variables
Save selected variables
Fram the second list, choose one variable and click this button



Predictive Monitoring Toolbox

An overview of the toolbox — Data visualization

Dataset:ESP_WO03_scaled

—— Motor current

Data Management

\ 4
Data Visualization
7 l N t? Monitoring Toolbox Version 1.2
1 Data management Defining events Causal analysis Offline analysis Online time-domain analysis Create Groups
Data PreproceSSI ng Dataset Available variables i
\_ J ESP_W03_scaled ubing temperature
Frequency _(\D‘
1 1
7~ N mC2
- = mc3
Defl n I ng Eve ntS Data Preprocess
\ S Customized Preprocess--» ~
\ 4
é Y
Causal Analysis
\ v
A 4
é )
- . . Import Data Delete Data Select variables from second list Remove selected variables
Offline/Online Anal ' '
Ine n I ne na ySIS Select as additional variables | Load selected variables |

Save selected variables

G v |

This provides different data preprocessing algorithms



Predictive Monitoring Toolbox

An overview of the toolbox — Data preprocessing

[ Data Management

t? Menitering Toolbox Version 1.2

Data management Defining events Causal analysis Offline analysis Online time-domain analysis Create Groups  Offline Analysis (Hierarchical)

Dataset Available variables
ESP_WO03_scaled ubing temperature
Frequency
TC1
TC2
TC3
Import Data Delete Data Select variables from second list

Working data: Selected variables

ESP_W03_scaled

Data Preprocess

Customized Preprocess--»

Data Visualization
|
Data Preprocessing
Defining Events
Causal Analysis
Offline/Online Analysis

Select as additional variables

Remove selected variables

Load selected variables

Save selected variables

This provides different data preprocessing algorithms




Predictive Monitoring Toolbox

An overview of the toolbox — Data preprocessing

t? Monitoring Toelbox Version 1.2

Data management Defining events Causal analysis Offline analysis Online time-domain analysis Create Groups Offline Analysis (Hierarchical)

ESP_W03_scaled

Import Data

Dataset

Delete Data

Available variables

Tubing ternperature
Frequency

TC

TC2

TC3

Select variables from second list

Working data:

ESP_W03_scaled

{®) Time Trend () Histogram

Data Preprocess

Selected variables

Customized Preprocess--»|

Customized Preprocess--»
Remove missing data
Remowve outlier

Remove tags of low vanan
Filter

Marmalize
Resample/Downsample
Select range

Correlation analysis

Mutual information analys «

Missing data

Remove outliers

Low variance

Filter

Select as additional variables

This provides different data preprocessin

algorithms

g
=

Remove selected variables

Load selected variables

Save selected variables

\ 4

Normalize

Resample

Range selection

Correlation

Mutual information

Auxiliary tags




Predictive Monitoring Toolbox

An overview of the toolbox — Data preprocessing

# Monitoring Toalbox Version 1.2 - O X
Data management Defining events Causal analysis Offline analysis Online time-domain analysis Create Groups Offline Analysis (Hierarchical)
Dataset Available variables Working data: Selected variables f . R )
ESP_W03_scaled ubing termperature M ISSI ng data
ESP_WO03_scaled L )
$€;I_ ® Time Trend O Histogram [ . h
rc Remove outliers
Data Preprocess b g
{ '
Customized Preprocess--= |+ L -
Customized Preprocess--=> A Ow variance
Remaove missing data . 7/
Remaove outlier
Remaove tags of low varian ( )
Filter 1
Normalize FI Iter
Resample/Downsample - 7
Ceectrange [
Caorrelation analysis ™ [ . )
Mutual information analys S o Normal 1Ze
: ) TR ErTE L J
Import Data Delete Data Select variables from secend list | Remowve rics
—ﬂm_" Dataset: ESP_W03_scaled p \
Select as additional variables | Load Siotor curens
B —
4 N Drag to select range Resample
Save s o 150000 L )
2 o- S
This provides different data preprocessing algorithms g - > 18000,
= £ 100000 - 7 ~
g2 Z 75000 - 1
P | Fieid Range selection
2 -4 25000 - - 7
?‘, 0 25000 50000 73000 10000012500015000017 30000000 4 3 2 1 0 1 '4 N\
£ Sample Tubina temperature -
g - Correlation
g " ., 125000 - ~ /
81 é 100000 -
E 2 % 75000 - ( )
= & . .
i < sao- Mutual information
o -4 25000
: / g —— = N g
2 0 25000 50000 7500010000012500005000017500000000 4 3 2 1 0 1
wm Selected data, Sample Selected data, Tubing temperature 7 N
Auxiliary tags
\ v
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Predictive Monitoring Toolbox

An overview of the toolbox — Data preprocessing

# Monitoring Toolbox Version 1.2 - O X
Data management Defining events Causal analysis Offline analysis Online time-domain analysis Create Groups Offline Analysis (Hierarchical)
Dataset Ayailable variables Working data: Selected variables p “
ESP_W03_scaled ubing temperature - -
Frequency ESP_W03_scaled M I1SSIN g d ata
rct ® Time Trend O Histogram : g
TC2 p \
TC3 .
Data Preprocess Remove OUtl IerS
\ V_
Customized Preprocess--» [+
Remove missing data ~ e 3
Remove outlier H
Remove tags of low varian LOW Varlance
Filter § Define auxiliary tags - O X \ y
MNermalize
Ezls:;ns:;[:ownsample Available variahles Selected variables for creating new tag Enter the name of new tag: ( )
Correlation analysis - FI Iter
Mutual information analys Tubing temperature Frequency(x(1]] ~
Define auxiliary tags Frequency Mator Current(x(2)) new_tag ) ’
Motor Current TC1((30) =
Import Data Delete Data Select variables from second list | Remove selected variables | TC1 'q N\
TC2 i
Select as additional variables | Load selected variables | TC3 Normallze
Formula used to define the new tag: \ J
Nected variables |
This provides different data preprocessing algorithms ( )
Resample
x(1)/x(2)4x(3] \ J
( N
Range selection
\ V_
( N
Add the new variable Correlatlon
\ V_
v { '
| _ Mutual information
Select variables Select all | Remove selected variable(s)
\ _
Include additional vaniable(s) |
e 1
Auxiliary tags
" 7
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Predictive Monitoring Toolbox

An overview of the toolbox — Defining events

# Selectrange - m] X
Start End
Sample: 200200
Da‘ta M an a e m e nt Time Span: 2013-12-13 20:15:00 2014-02-03 01:35:00
g Add as one Fault | Add as Near Fault Add as Shutdown |
Frequency Dataset: ESP_WO03_scaled

Motor Current

\ 4
Monitoring Toolbox Version 1.2 - [
7~ ~ ? onitoring Teolbox Version Ei Drag to select range
- . . Defini ts o . . . S . . - ic (Hien
Data Vlsual Izatlon Data manag_eme usal analys_|s Offline ana_ly_ms Online time-domain analysis Create Groups Offline Analysis (Hier g
AvailablSETenT belected variables for defining events = o- [‘T' - [—'
8 > Tubing temperature Tubing temperature 4 []/
Frequency Frequency . | E .
l Motor Current Motor Current Ll A g :
[ ) TC1 TC £
H TC2 TC2 i
Data Preprocessing b s 2 1NN N N N N A
B o] 25000 50000 75000 100000 125000 150000 175000 200000
\ J 5
=%
} ;1.
e || :
Defining Events S
T _4-
E 0 25000 50000 75000 100000 125000 150000 175000 200000
A 4
4 N E—
- [ O, LELLl
Causal Analysis s [ -
\ J S -2-
)
©
\ 4 g —4-
[ ) Select variables for defining events | Remove selected variables | 2z ' ' ' ! ' v ' ' !
- . . o 0 25000 50000 75000 100000 125000 150000 175000 200000
Oﬁl I ne/on I I ne AnaIySIS Select as additional variables | Load selected variables | E Selected data, Sample
% 2 Save selected variables |
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Predictive Monitoring Toolbox

Data Management

\ 4

Data Visualization

}

Data Preprocessing

|

Defining Events

A 4

Causal Analysis

\ 4

Offline/Online Analysis

An overview of the toolbox — Causal analysis

f? Menitoring Teolbex Version 1.2

line analysis Online time-domain analysis Create Groups Offline Analysis (Hierarchical)

Data managerment Defining El.renls Causal analysis }ﬂ
Available variahles ected variables for causal analysis

Tubing temperature

Frequency
|Motor Current
T

TC2

TC3

Select variables for causal analysis

Tubing temperature
Frequency

Motor Current

TCa

TC2

TC3

Granger Time-Daomain Analysis

Granger Frequency-Domain Analysis

Directed Transfer Function Analysis

Partial Directed Coherence Analysis

Transfer Entropy Analysis

Sparse Inverse Covariance Estimation Analysis

Remowve selected vanables

Select as additional variables

Load selected variables

Save selected vanables

a

Pt
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Predictive Monitoring Toolbox

An overview of the toolbox — Offline analysis

[ Data Management ]

\ 4

Data Visualization
4 l N
Data Preprocessing
Defining Events
Causal Analysis
Offline/Online Analysis

f? Menitoring Toelbox Version 1.2

Data management Defining events Causal analysi

Available variables

l Offline analysis Ij
Selected vari alysis

Tubing temperature
Frequency

{Motor Current

TC1

TC2

TC3

Select variables for offline analysis

Tubing temperature
Frequency

Motor Current

T

Correlation Analysis

mc2
TC3

Principal Component Analayis

Slow Feature Analysis

Dynamic PCA

Kernel PC4A

Autoencoder

Remove selected variables

Select as additional variables

Load selected variables

Save selected vaniables

O

X

nline time-domain analysis Create Groups Offline Analysis (Hierarchical)

Y Of
PO Ae

N %
- ?
$[a] %
PR *
N R
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Predictive Monitoring Toolbox

An overview of the toolbox — Online analysis

[ Data Management ]

\ 4

Data Visualization
4 l N
Data Preprocessing
Defining Events
Causal Analysis
Offline/Online Analysis

t? Monitoring Toolbox Version 1.2

Data management Defining events Causal analysis Offline analy;i! Online time-domain analysis
Selected variables for online =

Available variables

Tubing temperature
Frequency

{FAotor Current

TC1

TC2

TC3

Select variables for online analysis

Tubing termperature

Frequency
Motor Current
TC1

TC2

TC3

Cnline PC4&

Online SFA

Online Dynamic PCA

Online Autoencoder Analysis

Remove selected variables

Select as additional variables

Load selected variables

Save selected variables

Qf’\" Y Of

NS
$ L\l
* :gggggg

— O X

lreate Groups Offline Analysis (Hierarchical)

Yy
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Predictive Monitoring Toolbox

An overview of the toolbox — Hierarchical distributed analysis

[

Data Management

\ 4

7~

Data Visualization

}

E? Menitoring Toclbox Yersion 1.2

Data management Defining events Causal analysis Offline analysis  Online time-dormain analj,rsiI Create Groups  Offline Analysis (Hierarchical)

Enter the name of new group

Available variables:

Create a group

Created Groups:

|

peS

Variables in Selected Group:

Data Preprocessing

|

Defining Events

A 4

Causal Analysis

\ 4

Offline/Online Analysis

Tubing temperature
Frequency

Maotor Current

TC

Tc2

TC3

16



Start Guide based on a Case Study
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Predictive Monitoring Toolbox

Quick Start Guide — A Case Study on Electrical Submersible Pump (ESP)

« Abnormal events took place in this process.

* The objective is to detect the occurrence of these events based on the process data.

* This case study is based on normalized data for ESP.

Production tubing & casing chokes

Casing & tubing pressures
Casing & tubing steam rates

P ¥
FT |
@\J

.-ﬁ'-, (™
N FD(™
Emulsion rate Tubi
Watercut
VX Qil
VX water

HT |
:fff'?\—f

Frequency
Motor curren

VFD alarm tags

Blanket gas pressure

Chamber pressure

Injector

\‘{@ij‘m TC2 TCS)Produ-:er

Bottom hole pressure
Bottom hole temperatures
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Predictive Monitoring Toolbox

Data preparation

Make sure the data are prepared following the guidelines below:

Prepare the dataset using Excel

the first column of a spreadsheet always contains timestamps

the first row of a spreadsheet always contains the name of variables

The data for each variable are recorded in each corresponding column

For the created spreadsheet, select the entire timestamp column, right-click on this column and go to “format
cells”, then go to “Time” or “Custom”, change the format of time information to a format similar to: “mm/dd/yyyy
h:mm” or “yyyy-mm-dd h:mm:ss”.

Save the dataset in .xIsx format

A B E F G

1 Tubing temperature Motor Current TC1 TC2 TC3

2 3/9/12 22:15 -1.364190189 0.675286424 0.49189377 -3.652629904 -3.478063792 -3.34500166
3 3/9/1222:20 -1.498604965 0.675286424 0.587950416 -3.424377513 -3.2351307 -3.136641334
4 3/9/12 22:25 -1.302343733 0.675280424 0.49183377 -3.078778880 -2.977938815 -2.831244138
5 3/9/1222:30 -1.184504511 0.675286424 0.49189377 -2.731496714 -2.494617748 -2.220262236
& 3/9/12 22:35 -1.118941918 0.675280424 0.324671085 -2.365448872 -2.020655317 -1.881266767
T 3/9/1222:40 -1.053378925 0.675286424 0.49189377 -1.999401031 -1.690395652 -1.573328509
8 3/9/12 22:45 -0.987815931 0.675280424 0.65817481 -1.63335319 -1.556523080 -1.397835669
L) 3/9/1222:50 -0.894946846 0.675286424 0.49189377 -1.267305349 -1.474119634 -1.308935299
10 3/9/12 22:55 -0.67836475 0.675280424 0.230444806 -1.020548617 -1.359993647 -1.335386835
11 3/9/1223:00 -0.594235033 0.675286424 0.322946051 -0.859315487 -1.276574446 -1.370401165
12 3/9/12 23:05 -0.738220634 0.675286424 0.230444806 -0.638082356 -1.269349947 -1.343913806
13 3/9/1223:10 -0.550686357 0.675286424 0.230444806 -0.630755193 -1.262124479 -1.295956454
14 3/9/1223:15 -0.552768548 0.675286424 0.230444806 -0.572068276 -1.254899011 -1.238107421
15 3/9/1223:20 -0.554850738 0.675286424 0.49189377 -0.513381358 -1.230904492 -1.211772778
16 3/9/1223:25 -0.527884322 0.675286424 0.401066418 -0.454694441 -1.202520661 -1.169750048

Q-"\‘ Y Of

Yy
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5
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P 2 %
q'FCU rMoUE B
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Predictive Monitoring Toolbox

To start

Make sure the data sets to be used are in the same folder
Click “Monitoring_v1.2.exe” to start the program

# Monitaring Toolbox Version 1.2 — O x
Data management Defining events Causal analysis Offline analysis Online time-domain analysis Create Groups Offline Analysis (Hierarchical)
Dataset Available variables Working data: Selected variables
Empty

() Time Trend () Histogram

Data Preprocess

Customized Preprocess--»

Import Data Delete Data Select variables from second list Remove selected variables

Select as additional vanables Load selected vaniables

Save selected variables

Select Wariable and Plot Time Trend

20



Predictive Monitoring Toolbox

Data management — Import data sets
Make sure the data sets to be used are in the same folder

# Monitoring Toolbox Version 1.2 — O >

Data Management

Data management Defining events Causal analysis Offline analysis Online time-domain analysis Create Groups Offline Analysis (Hierarchical)

Dataset Available variables Working data: Selected variahles l

Empt‘.l' o Y
Data Visualization
() Time Trend () Histogram % l 2
g D
Data Preprocess =
Data Preprocessing

Customized Preprocess--» - s

4
g D

Defining Events

\ J

y
g N

Causal Analysis
\ J
Import Data Delete Data Select variables from second list Remove selected variables , A 4 N
Select as additional variables Load selected variables Ofﬂlnelonllne AnaIyS|S
\ J
Save selected variables

Select Variable and Plot Time Trend

a1}
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Predictive Monitoring Toolbox

Data management — Import data sets

Make sure the data sets to be used are in the same folder

e Go to “Data management” tab

“ESP_WO03_Scaled” has been imported

e Click “Import Data” button
» Select data file “EP_WO03_scaled.xIsx”
* Click “Import” button

clbox Version 1.2

t? Impaort data - O x
Data management |Defining eventsf| Causal analysis Offline analysis Online time-domain analysis Create Groups Offline Analysis (Hierarchical)
Import dataset name |I':5|}—1'“'N:'3—5'EE'IEd Available variables Working data: Selected variables
STIEE ESP_W03_scaled
Size Empty
Datad.xlsx 2373KB
ESP_W03_scaled.xlsx 15609KB () Time Trend () Histogram
flarel_scaled.xlsx B9206KE
testData.xlsxy TEOKB
Data Preprocess
Custormnized Preprocess--»
Import Cancel

. Import Data II Delete Data Select variables from second list | Remove selected variables |

Select as additional variables | Load selected vanables |

Save selected variables |

Select Data File/Click Import Button

Note: Please save data sets in the “ .xlsx” format



Predictive Monitoring Toolbox

Data visualization

Under the “Data management” tab, the variables can be visualized

t? Maonitoring Toolbox Version 1.2

Data management Defining events Causal analysis Offline analysis Online time-domain analysis Create Groups Offline Analysis (Hierarchical)

Dataset Availahle variables

ESP W03 scaled Tubing ternperature
Frequency

Motor Current

Tl

TZ2

T3

Import Data Delete Data Select variables from second list

Waorking data:

ESP_W03_scaled

Selected variables

Y Of
PO Ae

S (@

2

*’ -
SNCTA

Data Management ]

() Time Trend () Histogram

Data Preprocess

Customized Preprocess--»

Select as additional variables

Select Data File/Click

mport Button

Remove selected variables

|

Load selected variables

Save selected variables

Data Visualization
l N
Data Preprocessing
Defining Events
Causal Analysis
Offline/Online Analysis

o

Yy
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Predictive Monitoring Toolbox

Data visualization

t? Monitoring Teolbox Version 1.0

Click on the “Data management” tab.
« Click on “ESP_WO03_scaled” from the =====@Data management Defining events Causal analysis Offline analysis Online time-dorr
left workspace (i.e., “Dataset” column) to ‘ Dataset fvailable variables

select it ESP_W03_scaled ubing temperature

Drag-select to select variables for
visualization

Hold “CTRL" to multi-select if they are
not consecutive

t? Monitaring Teolbox Version 1.2

Data management Defining events Causal analysid) Offline analysis Online time-domain analysis Create Groups Offline Analysis (Hierarchical)

Dataset Available variables Working data: Selected variahles
ESP_W03_scaled Tubiflg temperature
ESP_W03_scaled
Tirme Trend Histogram
TC3
Data Preproggss Dataset:ESP_WO03 scaled
2-
|Cul'tomized Preprocess--:\

1.

-
1

Import Data Delete Data Select variables from second list | Remove selected variables | -
Select as additional variables | Load selected variables |
_3-
Save celected variables |
Select Variable and Plot Hist@eram
e
i . X i 5. —— Motor Current
Click “Time Trend” to visualize — T
the selected variables o5 o o P g Lo o o o &
o> T e R o e & &> o o o
Time

Note: Please close the current popup figures before taking next action 24



Predictive Monitoring Toolbox

Data visualization

t? Manitoring Teclbox Version 1.2

Data management Defining events Causal analysis Offline analysis Online time-dormain analysis Create Groups Offline Analysis (Hierarchicall

Dataset

ESP_W03_scaled

Import Data Delete Data

Ayailable variables Working data:

ubing temperature
Frequency

ESP_W03_scaled

() Tirne Trend|(®)

mCc2
TC3

Data Preprijcess

Customized Prepl:cess--:* ~ |

Select variables from second list |

Select as additional variables |

Select Variable and Plot Histogram

Load selected .
0 " g T

Selected va

100000 -

80000 -

60000 -

Frequency

40000 -

20000 -

Remove selecte

Dataset:ESP_WO03_scaled

Save selected -5

Click “Histogram” to generate histogram for selected variables

BN Motor Current
N TC1
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Predictive Monitoring Toolbox

Data preprocessing

Under the “Data management” tab, the data can be preprocessed before further analysis is conducted

t? Monitering Toolbox Version 1.2

Data management Defining events Causal analysis Offline analysis Online time-domain analysis Create Groups Offline Analysis (Hierarchical)

Dataset

ESP W03 scaled

Import Data Delete Data

Lvailable variables

Tubing ternperature
Frequency

Motor Current

TC1

TC2

TC3

Select variables from second list

Working data:

ESP_W03_scaled

() Time Trend () Histogram

Selected variables

Y Of
PO Ae

S (@

2

*’ -
SNCTA

Data Management ]

Data Preprocess

Customized Preprocess--»

Select as additional variables

This provides different data preprocessing algorithms

Rermowve selected variables

|

Load selected variables

Save selected variables

Data Visualization
|
Data Preprocessing
Defining Events
Causal Analysis
Offline/Online Analysis

o

Yy
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Predictive Monitoring Toolbox

E? Menitoring Toolbox Version 1.2

Data management Defining events Causal analysis Offline analysis Online time-dorr

. . . Dataset Available variables
Data preprocessing — Remove missing data Tubing temperature
ESP_ W03 _scaled_RM Frequency
This step is to remove missing data from the dataset ' :g‘“r Current
» Select “ESP_WO03_scaled” from Dataset column
s . “ . Tc2
» Click “Customized Preprocess -->* on the right T3
» Click “Remove missing data”; new data is “ESP_WO03_scaled_RM”
E? Menitering Toolbox Version 1.2
Data management Defining events Causal analysis analysis Online time-domain analysis Create Groups Offline Analysis (Hierarch
Deiszst Availahle variables Working data: Selected o
ESP_WO03_scaled ubing termnperature
Frequency ESP_W03_scaled
otor Current
() Time Trend (@) Histegram
Data Preprocess
Correlation analysis |v Import Data Delete Data Select variables from second list

Py P | i
= il

Remove missing data Select as additional variables

PEMTAE UL

Remove tags of low varian
Filter

Mormalize
Resample/Downsample
Select range

Correlation analysis

Mutual information analys w

Import Data Delete Data Select variables from second list | Remove selected variables |

Select az additional variables | Load selected variables |

Save selected variables |

This provides different data preprocessing algorithms

27



Predictive Monitoring Toolbox

Data preprocessing — Correlation analysis
Conduct correlation analysis to check the influential variables as well as the co-linearity of the data-set.

e Select data set for correlation analysis Choose a method
e Click “ Pata management” tab" + Click “Customized Preprocessing-->" on the right
* Select “ESP_WO03_scaled_RM » Click “Correlation Analysis”, a window will pop up

# Monitoring Tblbox Version 1.2 — O X

Data managementl Defining events Causal analysis Offline analysis Online time-domain analysis Create Groubs Offline Analysis (Hierarchical)

Ctaset Available variahles Working data: Selected variables

B0 aled Tubing temperature
ESP_W03_scaled RM Frequency ESP_WO03_scaled_EM
Motor Current
Tc1 () Time Trend (@ Hi ograrm
TC2
TC3
Data Preproces
Customized Preprucesl;--b | w
Customized Preprocesg--> A
Remove rmissing data
Remove outlier
Remove tags of low vaian
Filter
Mormalize
Resample/Downsamp
Correlation analysis
[WILTUal Iormation analys »
Import Data Delete Data Select variables from second list Remove selected variables
Select as additional variables Load selected variables

Save selected variables

This provides different data preprocessing algorithms
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Predictive Monitoring Toolbox

Data preprocessing — Correlation analysis
Conduct correlation analysis to check the influential variables as well as the co-linearity of the data-set.

Choose variables to analyze
» Drag-select (can hold “CTRL") in the left list to select

variables “Tubing temperature; Frequency; ... TC3”
e Click “Select variables”

Selected variables

The variables that are selected manually for
correlation analysis are shown in the right column

# Correlatigh Analysis — O >

Available variahles Selected variables

Tubing temper sture Tubing termperature ) )
S— Frequency correlation analysis | k
Motor Current Motor Current

TC1 g

Tc2

TC3

e Correlation analysis

Click “correlation analysis”, a heatmap will be

available, as given in the next slide
Select vanables | Select all Remove selected vanable(s)

Include additional variable(s)

29



Predictive Monitoring Toolbox

Correlation analysis — Result

Results

Variables are highly correlated to each other if the
absolute value of the corresponding index is large.

One can select more variables and get more
information from the correlation test results.

Note: Please close the current popup
figures before taking next action

Tubing temperature

Frequency

Motor Current

TCA

TCZ2

TC3

Tubing temperature

0.93

0.93

-
L&)
=
@
=
4
=
[

0.76

Motor Current

TC1

0.95

. - .
..

0.96

0.96

TC2

0.96

TC3

0.96

0.9

0.90

075

072

0.66
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Predictive Monitoring Toolbox

Data preprocessing — Correlation analysis

If one would like to choose all variables (the number Selected variables

of the variables should not be too large), then can

Click Selectall: The variables that are selected manually for

correlation analysis are shown in the right column

# Correlation Analysis — O *
Available variables Selected variables
Tubing ternperature Tubing ternperature ) ,
= correlation analysis
requency Frequency
Motor Current Motor Current
T TC ®
TiC2 TiC2
TC3 TC3
If one would like to deselect a few variables, then
select in the right list, then click “Remove selected
variable(s)” to remove the ones that you would like
to deselect.
o ®

Select variables Select all Remove selected variable(s) If one WOUId ”,ke to_ add additipnal variables, th.e.n
—I_ select in the right list, then click “Included additional

variable(s)” to remove the ones that you would like
Include additional variable(s) |. to desel(ec)t y




Predictive Monitoring Toolbox

Data preprocessing — Defining auxiliary tags

Select data set for correlation analysis
» Click “Data management” tab
» Select “ESP_WO03_scaled RM"

T ey o JEMEION 1.2

Dgaset

ESP W03 scaled

ESP_WD02_scaled_RM

Import Data

Delete Data

Choose method

e Click “Customized Preprocessing-->" on the right

Available variahles Workingfata:

Tubing temperature
Frequency ESP_W03_schled_RM
Motor Current
TC1
TC2

Tc3

() Time Trend @ Histogram

Data Prepfocess

Data management |Defining events Causal analysis Offline analysis Online time-domain analysis Creatd Groups Offline Analysis (Hierarchical)

Selected variables

Custormized Pre‘mcess--b | e

Remowve missingfdata A
Remowve outlier
Remowve tags of [bw varian
Filter
Mermalize
Resample/Downgample
Select range
Correlation anal
Mutual informa

Define auxiliary tags

Select variables from second list

Select as additional variables

This provides different data preprocessing algorithms

Remove selected variables

Load selected variables

Save selected variables

» Click “Define auxiliary tags”, a window will pop up
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Predictive Monitoring Toolbox

Data preprocessing — Defining auxiliary tags

e Choose variables to analyze

» Drag-select (can hold “CTRL") in the left list to select
variables “Tubing temperature; Frequency; ... TC3”
* Click “Select variables”

Efine auxihary tags — O X

Available variables selected variables for creating new tag Enter the name of new tag:

Tubing temperature Tubing temperature(x(1]) L
Freque ncy Frequency(x(2])
Motor Current PMotor Current(x(3])

TC (4]

TC20(50)

TC3(B])

Formula used to define the new tag:

Add the new variable

[ J e

Select variables | Select all Remove selected variable(s)

Include additional variable(s)
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Predictive Monitoring Toolbox

Data preprocessing — Defining auxiliary tags

e Define the name of the new variable

» Enter “new_variable_1" as the name of the newly

defined variable t? Define auxiliary tags — O =
Available variahles Selected variables for creating new tag Enter the name of new tag:
Tubing termperature Tubing termperature(x(1]) ﬂ
Frequency Frequency(x(2]) |new variable_1|
TCTOT CUTTENT TCLOT LTl o] = =
TC1 TC1 (40
TC2 TC20x(3))
TC3 TC3x(6))

Formula used to define the new tag:

Add the new variable

Select vanables | Select all Remove selected variable(s)

Include additional variable(s)
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Predictive Monitoring Toolbox

Data preprocessing — Defining auxiliary tags

e Enter the formula used for defining the new variable
* Enter “x(4)/x(5)” - the new variable is calculated in a

way that TC1 is divided by TC2

t? Define auxiliary tags

Available variahles

Selected variables for creating new tag Enter the name of new tag:

Tubing termperature
Frequency

Motor Current

TC1

TC2

TC3

Tubing termperature(x(1])
Frequency(x(2])

MMotor Current(x(3])

TC1 (40

TC20x(3))

TC3x(6))

Select ?ariablesl Select all

Remove selected variable(s)

~
new_variable_1
Formula used to define the new tag:
x(4)/x(5]
"]
Add the new variable
W

Include additional variable(s)
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Predictive Monitoring Toolbox

Data preprocessing — Defining auxiliary tags

# Menitoring Toolbox Version 1.2 — O *
Data management Defining events Causal analysis Offline analysis Online time-domain analysis Create Groups Offline Analysis (Hierarchical)
Click the “Add the new variable” button to create this Dataset Available variables Working data: Selected variables
new variable ESP_W03_scaled Tubing temperature
Frequency ESP_W03_scaled
Meotor Current
TC1 .
T2 () Time Trend () Histogram

IC3

new_variable_1

f? Define auxiliary tags

Data Preprocess

Available variables Selected variables for creating

Define auxiliary tags ~
Tubing ternperature Tubing temperature(x(1})
Frequency Frequency(x(2))
Motor Current MMotor Current(x(3])
TiC1 TSI (4
TC2 TC2(x(5))
TC3 TC3x(6))
Import Data Delete Data Select variables frem second list | Remove selected variables |
Select as additional variables | Leoad selected variables |
Save selected variables |
This provides different data preprocessing algorithms

/

4 Add the new variable

Select variables | Select all Remove selected variable(s) |

Include additional vanable(s)

36



Predictive Monitoring Toolbox

Select variables for analysis ¢ Moritoing Tocloo Version 1 B

Data management Defining events Causal analysis Offline analysis Online time-domain analysis Create Groups Offline Analysis (Hierarchical)

Dataszet Available variables Working data: Selerted varizhlas
. . ESP_W03_scaled Tubing temperature Tubing temperature
Select variables from second list Frequency ESP_W03_scaled Frequency
© — otor Current otor Current
Choose variables from the second list Motor C Motor C
+ Click “Select variables from second list” button to Tc O Time Trend O Histogram | [T
select variables for further analysis T2 T2
TC3 L=
new_variable_1 Data Preprocess
# Monitering Toolbox Version 1.2 Define auxiliary tags ~
Data management Defining events Causal analysis Offline analysis Online time-domain analysis Create Groups [Pffline Analysis (Hierarchi
Dataset Working data: Selected v
ESP_W03_scaled Tubing temperature
ESP_W03_scaled
() Time Trend () Histagrm
Data Preprocess
Define auxiliary tags - Import Data Delete Data Select variables fr | Remove selected variables |
elect as additional variables | Load selected variables |
Save selected variables |
From the second list, choose one variable and click this button '
/ -
Import Data Delete Data Select variables from second list | |. Rermove selected variables |
Select as additional variables | Load selected variables |
. Save selected variables
Save selected variables | « The variables selected are shown in the third colUMN e

From the second list, choose one variable and click this button

* Click “Save selected variables” button to save this list of
variables for further analysis
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Predictive Monitoring Toolbox

Defining Events
Under the “Defining events” tab, different types of events that took place can be defined

# Monitoring Toolbox Version 1.2 — O et
Data managemend Defining events (ausal analysis Offline analysis Online time-domain analysis Create Groups Offline Analysis (Hierarchical) Data Management
Available Yarterer———-lclected variahles for defining events
Tubing temperature l
Frequency i |
Motor Current Define Events [ )
TC Data Visualization
TC2 L )
TC3
new_variable_1 l
4 A
Data Preprocessing
\ J
4
Defining Events
y
4 D
Causal Analysis
\ J
A 4
4 A
Select variables for defining events Remuove selected variables o o o
Offline/Online Analysis
Select as additional variables Load selected variables L y J

Save selected variables
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Predictive Monitoring Toolbox

Defining Events
Under the “Defining events” tab, different types of events that took place can be defined

Load pre-selected variables for defining events e Goto* Defing Events” window
 Click “Load selected variables” button * Click “Define Events” button

t'? Manitoring Toollox Version 1.2

— O >
Data management ining events Causal analysis Offline analysis Online time-domain analysis Create Groups Offline Analysis (Hierarchical)
Available vafliables ielected varighles for definins [0
Tubing termperature Tubing temperature
Frequency Frequency i |
Motor Current Motor Current LALT B LS
TC1 T
TC2 Tc2
TC3 TC3
new _variable_1 A
Select variables for gefining events | Remowve selfcted variables |

Select as additional vanables Load selected variables |

Save selected vanables
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Predictive Monitoring Toolbox

Defining Events
Under the “Defining events” tab, different types of events that took place can be defined

Add an event

» Click any of the three buttons “Add as one fault” or “Add as a near fault”
or “Add as shutdown” to add an event; the event will be highlighted in a
certain color in the third subplot

Select a time window corresponding to an event
e Drag and select on the second subplot or specify the
“Start” and the “End” on the top of the window

@ Seflict range - ] X § Select range - O x
Start End Start End
Sample: 108321 124558 Sample: 108321 124558
. —_—
Time Span: 2013-03-2102:00:00 2013-05-16 11:05:00 Time Span: 2013-03-21 02:00:00 2013-05-16 11:05:00
Add as one Fault Add a;NearFauItl Add as Shutdown | Add as one Fault Add as Near Faultl Add as Shutdown
ubing femperature ubing temperature
Frequerlly Dataset: ESP_WO03_scaled_RM Frequency Dataset: ESP_WO03_scaled_RM
m TC1
TCc2 D t lect T2
G rag to select range S Drag to select range
1 1
= —
§ o g o
5 5
O ©
2 S
2
s - g -2
-3 -3
0 25000 50000 75000 100000 125000 150000 175000 200000 50000 75000 100000 125000 150000 175000 200000
= Qal
E E
=2 =1
Qo &)
S o 5
2 3
= =
g 1 =
S S
5 2 =
I} 5}
T ©
o -3 2 ||
& &
0 25000 50000 75000 100000 125000 150000 175000 200000 o] 25000 50000 75000 100008 5000 150000 175000 200000
- Selerterd data Samnle =
= =
=T = |
(%] [&]
S 0 ] o]
B 5]
= =
;-1 -
E §
- 2 o 2
# g
8 s 2
[}
8 o]
0 25000 50000 75000 100000 125000 150000 175000 200000 o] 25000 50000 75000 100000 125000 150000 175000 200000 40
Selected data, Sample Selected data, Sample




Predictive Monitoring Toolbox

Defining Events —

Start Fod
Three types of events have been added R S
[1a7eaas | {200200
201 F-12-22 071500 2074-02-03F O¥=3 50
Select a time window corresponding to an event Add as one Fault | Add as Mear Fault | Add as Shutdown |
e Shutdown is highlighted in blue; near faults are
highlighted in yellow; faults are highlighted in red in the Dataset: ESP_WO03_scaled
third subplot
Drag to select range

S "
=
£ o-
—
'-._.-| _1 ij
S
o 2 =
=

_3 =
= O EECIHZID E:DI."_III:ICI FSO000 IDD.CIDD 125000 15III-EICID 17 S000 EDD.DDD
[2F = e e
=
2 1 -
=]
e D-
E—.
= T1-
(=]
= —F -
=
L —3 -
@
% Cl 2':':600 f:-l:llf:IDCl TS-E;'-CI{J lDDlDDD 125:5]{){:' IED-I:IDI:I '.I.T-'E-lﬂDD ZDDIDDD
-
—
L 1 -
=
= |°
gyl
=
= -2 -
=
= = -
e
I_% o 25000 SO0 00 FoQ00 100000 LZ25000 130000 LVS0O00 Z200000

Selected data, Sample
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Causal analysis
Under the “Causal analysis” tab, six algorithms are provided and can be used to investigate cause-effect relationships among variables

# Monitoring Toolbox Version 1.2 — O >
Data ranagement Defining El.rentt Causal analysis })ﬁline analysis Online time-domain analysis Create Groups Offline Analysis (Hierarchical) Da.ta. Management
Available variahles es for causal analysis
Tubing temperature Tubing temperature l
Frequency Frequency iGranger Time-Domain Analysis
{Motor Current Motor Current [ D
T Tt Data Visualization
TC2 T2
T2 T2 Granger Frequency-Domain Analysis \ /
new_variable_1 l
4 D
Directed Transfer Function Analysis Data PreprOCGSSI ng
\ J
4
Partial Directed Coherence Analysis a )
Defining Events
\ J
Transfer Entropy Analysis
y
Sparse Inverse Covariance Estimation Analysis Causal AnaIySIS
4
4 D
Select variables for causal analysis Remove selected variables Oﬂ:llnelonllne AnaIyS|S
Select as additional variables Load selected variables \ J

Save selected variables
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Predictive Monitoring Toolbox

Causal analysis
Under the “Causal analysis” tab, six algorithms are provided and can be used to investigate cause-effect relationships among variables

# Monitoring Toolbox Version 1.2 — O x o Go to “Causal analysis” tab

Data management Defining El.renls Causal analysis i'ineanalysis Online time-domain analysis Create Groups Offline Analysis (Hierarchical)
Available variables for causal analysis

Tubing temperature Tubing temperature
Frequency Frequency Granger Time-Domain Analysis
{Motor Current Meotor Current
TC1 TC1
TC2 TC2
T3 T2 Granger Frequency-Domain Analysis

new_variable_1

Directed Transfer Function Analysis

Partial Directed Coherence Analysis

Transfer Entropy Analysis

Sparse Inverse Covariance Estimation Analysis

Select variables for causal analysis Remove selected variables

Select as additional variables Load selected variables

Save selected variables
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Predictive Monitoring Toolbox

Causal analysis
Under the “Causal analysis” tab, six algorithms are provided and can be used to investigate cause-effect relationships among variables

¢ Monitoring Toolbox Version 1.2 - O X 9 Click the “Granger Frequency-Domain Analysis” button,
Data management Defining events Causal analysis Offline analysis Online time-domain analysis Create Grofips Offline Analysis (Hierarchical) and a window will pop-up
Available variables Selected variables for causal analysis

Tubing termperature Tubing temperature
Frequency Frequency Granger Time-Domain Ahalysis
{Motor Current Motor Current
TC1 T 1
TC2 TC2 — _ )
T2 T2 Granger Frequency-Domain Analysis ‘? Granger frequency-domain analysis - O *
new_variable_1

Variahles used in analysis

Directed Transfer Function Analysis

Frequency |;155 | 'llz'ubing ternperature
requency

Motor Current

S . d | a0 | TC
Partial Directed Coherence Analysis Max order T3
TC3

i Perform analysis
Transfer Entropy Analysis

Sparse Inverse Covariance Estimation Analysis

Select variables for causal analysis Remove selected variables

Select as additional vanables Load selected vanables

Save selected vanables
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Causal analysis
Under the “Causal analysis” tab, six algorithms are provided and can be used to investigate cause-effect relationships among variables

# Granger frequency-domain analysis — O Pt

e Click the “Granger Frequency-Domain Analysis” button,

WVariables used in analysis .
the results will be shown

Tubing termnperature
Frequency
Moter Current

Frequency |256 |

Granger Causality Analysis (Frequency Domain)

Max order |2'D | $E;_ (Solid: causality exist / Blank: NO causality)
TC3 , .
Perform analysis |
TCZ2 -
TC1 -

From
1

Motor Current -

Frequency -

Tubing temperature -

- | I ' [ [ I ' | | ' '
Tubing temperatureFrequency Motor Current TC1 TCZ2 TC3
To
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Predictive Monitoring Toolbox

Causal analysis — interpreting the results: Each dashed line indicates a cause-effect relationship
Casing & tubing pressures
Production tubing & casing chokes Casing & tubing steam rates

Emulsion rate Tubing Pre )

y; tngm Tubing Temperature Blanket gas pressure
VX water

Chamber pressure

Injector

Producer

Bottom hole pressure
Bottom hole temperatures
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Predictive Monitoring Toolbox

Causal analysis — interpreting the results: Each dashed line indicates a cause-effect relationship
Casing & tubing pressures

Production tubing & casing chokes Casing & tubing steam rates
WIS MGl
Emulsion rate Tubing P
Watercut il
VX Oil Tublng Temperature Blanket gas pressure
VX water

Chamber pressure

""1
| Injector

TC1 TCZ TC3
\<- Producer

Bottom hole p-'essu e
Bottom hole ti.mperatures

-
L N N N} I

——— e ——————
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Offline monitoring
Under the “Offline analysis” tab, five algorithms are provided and can be used to monitor the process and detect events

# Monitoring Toolbox Version 1.2 — O et

Data managerment Defining events Causal anal],rsi! Offline analysis inlinetime-dﬂ-main analysis Create Groups Offline Analysis (Hierarchical) [ Da.ta. Management ]
Available variables Selected vari ly=is
Tubing temperature Tubing termperature l
Frequency Frequency Correlation Analysis a D
{Motor Current Maotor Current - - -
TC1 T Data Visualization
TC2 TC2 \ J
T3 TC3 Principal Component Analayis l
new_variable_1 ’ 3
Slow Feature Analysis Data PreproceSSI ng
\ J
4
Dynamic PCA [ )
Defining Events
\ J
Kernel PCA
y
g D
Causal Analysis
Autoencoder L )
\ 4
Select variables for offline analysis Remove selected variables Ofﬂlnelonllne AnaIySIS
Select as additional variables Load selected variables

Save selected variables
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Predictive Monitoring Toolbox

Offline monitoring — Principal component analysis

t? Maonitoring Teolbox Version 1.2 — -
_ _ Click “Principal component analysis” button
Data management Defining events Causal analysis Offline analysis  Online time-domain analysis Create Groups Offline Analysis (Fie * A new window pops up, and principal component
Available variables Selected variables for offline analysis analysis can be conducted
Tubing termperature Tubing temperature
Frequency Frequency orrelation Analysis
{Motor Current Motor Current
TC1 TC L
TC2 TC2
T3 TC3 Principal Componen layis
new_variable_1 ’
# Principal Component Analysis — O =
Slow Feature Analysis Variables considered in PCA
Number of Components |3 | Tubing temperature Dimension of visualization |1 |
. Frequency
Dynamic PCA Motor Current
Control Limit Confidence (%) |95 | TC1 PCindices |1 |
Tc2
Kernel PCA Scree Plot T3 |‘_‘l |
T Squared Scare |3 |
Autoencoder
O-5tatistic Visualize Scores |
Select variables for offline analysis Remove selected variables
Select as additional variables Load selected variables

Save selected variables
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Predictive Monitoring Toolbox

L5

Offline monitoring — Principal component analysis (PCA)

e Click “Scree plot” button

e A figure will be generated and can help to select a good
number of principal components for PCA.
# Principal Cofnponent Analysis — 0 * 4is agood number of components based on the plot below.

Variahles considered in PCA

Number of Comfjonents |3 | Tubing temperature Dimension of visualization |1 1.0 o —— —-————————
Frequency -
Motor Current -~ -
Control Limit Cohfidence (%) |95 | TC1 PC indices 1 -~
TC2 Z 08 -~ -
Scree Plot Tc3 2 % | -~
S /
o % /
T Squared Score 3 X ,
2
e
© f
0-Statistic © == = Accumulative explained variance
= B Explained variance of each component
S
g
=
L
[=1
=
L
0.2
- - —
0.0

Number of cnmpunents
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Predictive Monitoring Toolbox

Offline monitoring — Principal component analysis (PCA)

e Enter “4” as the number of components.

# Principal Cdmponent Analysis — O x

Wariables considered in PCA

MNumber of Components |-‘-'I| Tubing temperature Dimension of visualization |1 |°

requency

Click “T Squared Score” button

_ Mator Current . :  PCA is conducted, and the trajectory of T-squared score is
Control Limit ¢ T oo Po g L | presented and compared with the threshold. If the score
TC2 breaches the threshold, an event is detected.
Scree Plot | T3 |2 |
T Squared Score || |3 |
\ - fault
Q-5tatistic | 012 -
B near fault
S 0.10 - shutdown
(s
=
© .08 -
=
Q
S
3 0.06 -
Q
e
O 0.04 -
v
%
0.02 -
— | | N N l ) A

I I I I I I ] ]
0 25000 50000 75000 100000 125000 150000 175000 200000
Selected data, Sample
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Predictive Monitoring Toolbox

Offline monitoring using PCA — Visualizing principal components of PCA (1D)

Principal Component Analysis — O > e . . . L
/ P P Y Enter “1” as the dimension of visualization.
Variables considered in PCA ‘
Number of Components |4| | Tubing temperature Dimension of visualizatiol |‘I |
Frequency . . .
Mator Current This means that the first component is
Control Limit Confidence (%] (95 | et PC indices I | to be visualized.
TC2
Scree Plot e |2 |
Clicking “Visualize Scores” shows the
F, 1-dimensional visualization of the
T Squared Score |3 I | principal component.
o
O-Statistic Visualize Scores |
b By 4
!".-_!l
G- : =

Tubing temperature

—3 - —— Frequency
—— Maotor Current
_4- —— TC1
TC2
5 . —— TC3
2012-03 2012-05 2012-09 2012-12 2013-03 201306 2013-09 2015—12 201“4-03
Time
— PC1
120 - /-
100 - F
BO -
— B0 -
4,0_
20 - |
c VS | [ "' PR

Ul

2012-03 2012-06 2012-09 2012-12 2013-02 2013-06 2013-09 2013-12 2014-03
Time
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Offline monitoring using PCA — Visualizing principal components of PCA (2D)

f? Principal Component Analysis

WVariables considered in PCA

Mumber of Components |4

Control Limit Confidence (%) |95

Scree Plot

T Squared Score

O-Statistic

Tubing temperature
Frequency

Motor Current

TC1

Tc2

Tc3

Dimension of visualizatiol |2 |

PC indices

e Enter “2” as the dimension of visualization.

g

These two indices refer to the second
and the fourth components.

Clicking “Visualize Scores” shows the

Visualize Scores |

2-dimensional visualization of the
principal component.

PC2v.s.PC4
15.0 - - 2014-02-03 01:35:00

12.5 - o0
10.0 -
7.5 -

20F - 2013-02-20 11:55:00

PC4

2.5-

0.0 -

—-2.5 -

_5.0 =
' | i ' i ! | - 2012-03-09 22:15:00
=30 =20 -10 0 10 20 30

PC2 53



Predictive Monitoring Toolbox

Offline monitoring using PCA — Visualizing principal components of PCA (3D)

f? Principal Component Analysis

WVariables considered in PCA

Mumber of Components |4

Control Limit Confidence (%) |95

Scree Plot

T Squared Score

O-Statistic

Tubing temperature
Frequency

Motor Current

TC1

Tc2

Tc3

— O X

@ Enter “3” as the dimension of visualization.

g

Dimension of visualizatig

PC indices

These three indices refer to the first,
third and the fourth components.

Clicking “Visualize Scores” shows the
2-dimensional visualization of the
principal component.

Visualize Scores | L

-2014-02-03 01:35:00

T15.0
T12.5
=10.0

kS
- 5 oPC4

T 25 -2013-02-20 11:55:00
-~ 0.0

T=2:5
=50

—30
PC1 100120

-2012-03-09 22:15:00

Y Of
PO Ae

SV )
S I::. »
s 3
PR *
NG R
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Predictive Monitoring Toolbox

Offline monitoring — Slow feature analysis

t? Monitoring Toolbox Version 1.2

Data management Defining events

Available variables

X
_ : : o . : : 0 Click “Slow Feature Analysis” button
Causal analysis Offline analysis QOnline time-domain analysis Create Groups Offline Analysis [ « A new window pops up, and principal component

Selected variahles for offline analysis

Tubing temperature
Frequency

|Motor Current

TC1

TC2

TC3

new_variable_1

Select variables for offline analysis

Tubing termperature
Frequency

Motor Current

TC1

TC2

TC3

Remove selected variables

Select as additional vanables

Load selected vanables

Save selected variables

Correlation Analysis

Princgeal Compenent Analayis

Slow Feature Analysis

Dynamic PCA

Kernel PCA

Autoencoder

\

analysis can be conducted

f? Slow Feature Analysis

WVariables considered in SFA

Mumber of Features | 5

Slowness Assessment |

Control Limit Confidence (&) |95

T Squared Score |

Tubing temperature Dimension of visualization |'|

Frequency

Motor Current

TC1 Feature indices |'I

TC2

TC3 | 5
E

Vizualize Scores
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Offline monitoring — Slow feature analysis (SFA)

e Click “Slowness Assessment” button
e A figure will be generated and can help to select a good
number of slow features for SFA.
e 4is agood number of components based on the plot below.

# Slow FeaturdAnalysis — O x

Variables considered in S5FA

Mumber of Featufes |5 | Tubing temperature Dimension of visualization |'I |
[ ) Frequency 3
Fotor Current
Slowness Assessment | TC1 Feature indices |'I | 0.8
TC2
Control Limit Confidence (%) |95 13 |P_ |
0.6
T Squared Score | |3 | -
o
g
Visualize Scores | o 0.4
(73]
0.2
*
00 K * * *
1 2 3 4 ] G

Index of the slow feature



Predictive Monitoring Toolbox

Offline monitoring — Slow feature analysis (SFA)

t? Slow Feature Analysis

Mumber of Features

Slowness Assessment |

Control Limit Confidence (%)

T 5quared Score |

Y Of
PO Ae

N @,

ERNVN

INCPA
(> £

)
Je, NE
Curaue

» v

e Enter “4” as the number of components.

Wariables considered in SFA

Tubing temperature
Frequency

Motor Current
T
TiC2

Dimension of visualization

Feature indices

e Enter “99” so that the control limit confidence is made 99%.

=

Visualize Scores
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Predictive Monitoring Toolbox

Offline monitoring — Slow feature analysis (SFA)

# Slow Feature Analysis — O x

Variables considered in SFA
Click “T Squared Score” button

Number of Features |4 | Tubing temperature Dimension of visualization |1 | * SFA s conducted, and the trajectory of T-squared score is
Esaaueney presented and compared with the threshold. If the score
Motor Current breaches the threshold, an event is detected.

Slowness Asskssment | TC1 Feature indices |1 |

TC2

Control Limit Cojfidence (%) |9€4 | 1

T Squared Score | |3 |
\ Emmm fault

s near faultc

shutdown

60 -

40 -

T2 Score for offline SFA

20—

) ] ) ) ) ) ) ]
Q 25000 50000 75000 1000001250001500001L7 5000200000
Selected data, Sample
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Predictive Monitoring Toolbox 2L

Online monitoring (this simulates the implementation of online process monitoring)
Under the “Online analysis” tab, four algorithms are provided and can be used to monitor the process and detect events

# Monitaring Toolbox Version 1.2 — O >
Data management Defining events Causal analysis Offline analysi} Online time-domain analysis Cireate Groups Offline Analysis (Hierarchical) Data Management
Available variables Selected variables for online Syt
Tubing termnperature Tubing temperature l
Frequency Frequency :
|{Motor Current Motor Current LT [ . . . )
TC1 TC1 Data Visualization
TC2 T2 \ y
TC3 T3 l
new_variable_1 Online SF&
4 D
Data Preprocessing
\ J
Cnline Dynamic PCA
\ 4
4 D
Defining Events
Online Autoencoder Analysis . <
y
g N
Causal Analysis
\ J
A 4
Select variables for online analysis Remove selected variables Oﬁ|lne/0n|lne AnaIyS|S

Select as additional variables Load selected vanables

Save selected variables
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Predictive Monitoring Toolbox

Online monitoring — Principal component analysis

Aaritor Verci ;5 Click “Online PCA” button
tf Menitoring Toolbox Version 1.2 —

* A new window pops up, and principal component

Data management Defining events Causal analysis Offline analysis Online time-ddmain analysis Create Groups Offline Analysis (Hie analysis can be conducted
Available variahles Selected variables for online analysis
Tubing temperature Tubing ternperature
Frequency Frequency i
Motor Current Motor Current Online PCA
T TiC1
T2 T2 f? Online Principal Component Analysis - O >
TC3 TC3 ) ) ) )
new variable_1 Online SEA Variables considered in online PCA
Number of Components |3 | Tubing temperature Dimension of visualization |'I |
Frequency
i i Contral Limit Confidence (%) |95| | Motor Current PCindices |'I |
Online Dynamic PCA TC1
TC2
Update Window [Samples) |?_'I}D|] | Te3 |?_ |
Online Autcencoder Analysis Online PCA analysis |3 |
T Squared Score Visualize Scores |
Q- Statistic

Select variables for online analysis Remuove selected variables

Select as additional variables Load selected variables

Save selected vanables
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Online monitoring — Principal component analysis (PCA)

Click “Online PCA analysis” button
» PCA is conducted, and the model is updated after every 2000

? Online Princi nalysis

Number of Comp

Control Limit Confdence (%) |95-|

Update Window (Jamples) |EODD

Online PCA analysis |

T Squared Score |

Variables considered in online PCA

Frequency
Motor Current
1

mc2

mc3

Tubing temperature

samples (the size of the update window).

Dimension of visualization |'| |

PC indices |'| |

: | e
3 | Click “T Squared Score” button

e This generates the T-squared score based on the online PCA

d___'_ analysis.

Q-Statistic

T2 Score based on online PCA

I fault

e near fault

shutdown

] ] 1 1 ] 1 1 ]
25000 50000 75000100000125000L500001L7500@ 00000
Selected data, Sample
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Hierarchical distributed monitoring (this is favorable when the number of variables is large)

Both “Create Groups” and “Offline Analysis (Hierarchical)” tabs are used.

# Monitoring Toolbox Version 1.2 — d *

Data management Defining events Causal analysis Offline analysis  Online time-domain analysis| Create Groups  Offline Analysis (Hierarchical)

Enter the name of new group

I Create a group

Available variahles: Created Groups: Variahles in Selected Group:

Tubing temperature M
Frequency
Motor Current
TC1

TC2

TC3
new_variable_1

[

Data Management

|

Data Visualization
) |
Data Preprocessing
Defining Events
Causal Analysis
Offline/Online Analysis
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Predictive Monitoring Toolbox

Hierarchical distributed monitoring — Construct groups of variables

o Go to “Create Groups” Tab to assign variables to each of
the groups for low-level analysis
# Monitoring Toolbox Version 1.2 — O x
Data rmanagement Defining events Causal analysis Offline analysis Online time-domain analykis Create Groups line Analysis (Hierarchical)

—
Enter the name u:ufnxmgru:uup |
Enter “G1” as the name of this group

G1 Create a group
‘l‘ L
Available variables: Created Groups: Variables in Selected Group:
ubing temperature Tubing temperature A
Frequency Frequency
Motor Current blotor et -
L1
TC2
TC3
new variable 1 e e Select “Tubing temperature”, “Frequency”, “Motor Current” from
) - the first list of the current window

e Click “Create a group” button




Predictive Monitoring Toolbox

Y Of
PO Ae

N @,

ERNVN

INCPA
(> £

)
Je, NE
Curaue

» v

Hierarchical distributed monitoring — Construct groups of variables

# Monitoring Toolbox Version 1. — O ot
Data management Defining eventd Causal analysis Offline analysis  Online time-domain analysis Create Groups Offline Analysis (Hierarchical)

Enter the name of new group

|GP‘_ Create a group
Available variables: Created Groups: I Variables in Selected Group:

ubing temperature 151 4 ~
Frequency G2

e Enter “G2” as the name of this group

B
RO 1

Select “TC1", “TC2", “TC3” from the first list of the
current window
Click “Create a group” button
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Predictive Monitoring Toolbox

Hierarchical distributed monitoring — Construct groups of variables

- O X

t? Monitering Toolbox Version 1.2

Data management Defining events Causal analysis Offline analysis  Online time-domain analysis Create Groups  Offline Analysis (Hierarchical)

Enter the name of new group

G2 Create a group |

Available variables: Created Groups: 1 Wariables in Selected Group:

IFeE! TC'I— ~

Tubing temperature
Tc3

Motor Current

TC1

T2

Tc3

new_variable_1 Click on “G1” or “G2" to see the variables assigned
to each group
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Hierarchical distributed monitoring — Monitoring analysis

t? Monitoring Toolbox Version 1.2

Data management Defining events Causal analysis Offline analysis Online time-domain analysis Create Groups

Available groups

Selected groups for hierarchical anaysis

51
G2

G1
. e

o Go to “Offline Analysis (Hierarchical)’ tab

_ 0 % for hierarchical distributed monitoring

Offline Analysis (Hierarchical) b I

e e Select “G1” and “G2” from the left list

Lower Level--= e

Algorithm for upper level

Upper Level-—> w

Go to Hierarchical Analysis |

Select groups for hierarchical analysis

e « Click “Select groups for hierarchical analysis” so
that these two groups of variables will be taken

into account
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Hierarchical distributed monitoring — Monitoring analysis

# Monitoring Toolbox Version 1.2 - O x

Data management Defining events Causal analysis Offline analysis Online time-domain analysis Create Groups Offline Analysis (Hierarchical)

Available groups selected groups for hierarchical anaysis
al a1
G2 G2 Algorithm for lower level
Choose “PCA” as the monitoring
PCA W algorithm for each local group

Algorithm for upper level

ke - 9 Choose “SFA” as the monitoring

| algorithm for the upper level

Go to Hierarchical Analysis |

e Click “Go to Hierarchical Analysis” button to

Select groups for hierarchical analysis conduct two-layer hierarchical monitoring
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Hierarchical distributed monitoring — Monitoring analysis

f? Hierarchical Offline Analysis

Mumber of Companents in a local agent |2

Mumber of Components in Upper Layer |2

Lag Samples (used for DPCA only)

O x

Groups considered Wariahles in each group
| 51 Tca Dimension of visualization |'I
TC2
TC3
| PC indices |1
B | 2

Hierarchical Analysis

Show Statistics

T Soore

Y Of
PO Ae

SV )
S I::. »
s 3
PR *
NG R

Click “Hierarchical Analysis” button to
conduct analysis

Visualize Scores | e Click “Show Statistics” button to

visualize results

e =l
R — -} mear fawalic

=k it o e

L] L] " L] L L) " [
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